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1
TWO-AXIS JOINT ASSEMBLY AND METHOD

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract and is subject to the
provisions of Section 305 of the National Aeronautics and
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42
U.S.C. 2457).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a two-axis joint
assembly and, in one more particular embodiment, provides a
low profile, compact, surface-mountable assembly which
supports high side loads with low friction operation.

2. Description of Related Art

Atwo-axis joint is a mechanical device which provides two
degrees of freedom of motion between connected compo-
nents, e.g., a joint between a base and a rod such that the rod
is constrained to move only within a first axis of rotation
and/or a second axis of rotation.

A simple example of a commonly used two-axis joint is a
two-axis connection for oars in a row boat. A yoke or shackle
or clevis provides the receptacles or base into which the oars
are placed. The oars fit into the U-shaped yokes and, in this
example, may also be pinned in position or least prevented by
friction from sliding whereby the oars can swing up and down
to provide the first axis of rotation for rotational movement of
the oars. The U-shaped clevis or yoke has a shaft at the end of
the U-shaped clevis or yoke which extends through a socket
or perhaps through aligned holes in several flanges. The shaft
is rotatable in the socket or holes through which it extends to
provide the second axis rotation such that the oars rotate
around the shaft and clevis to swing back and forth. Accord-
ingly, once the oars are positioned in the yoke or clevis, the
oars may be pivoted upwardly and downwardly and also
rotate around the joint. The clevis is secured in position by the
shaft to thereby act as a fulcrum so that side loads applied
thereto are transferred to the water so as to propel the boat.
The length and diameter of the shaft and construction of the
socket is designed to be sufficiently long and mechanically
strong to absorb the side loads applied during rowing.

Conventional high moment two-axis joints require
increased depth of engagement between the rotating shaft and
a housing to which the shaft is secured to react to an increase
in applied moments. This type of configuration requires the
depth of engagement to act as a reacting or bearing surface
below the joint to react to the applied moments. In other
words, a long shaft has to be inserted into a deep hole to react
to the moments created by side loads applied at one end of the
shaft. The deeper the hole is, the more space required for
mounting the device. However, in some applications where a
two-axis joint would be highly desirable, a mounting struc-
ture which provides a deep hole or support therefore may be
unavailable or undesirable.

It will be understood that the example of the two axis
connection for oars in a row boat is illustrative of a relatively
low-load application which may not utilize bearings. To sup-
port very high moments acting thereon, conventional two-
axis joints may utilize bearings axially spaced relatively far
apart along the shaft to meet the high moment requirements.
Because of the shaft length, these conventional two-axis
joints assemblies are not suitable for applications where only
minimal intrusion is allowed onto the support platform. The
shaft-in-hole approach requires that space below the joint be
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available to react the moments. This space is not available for
applications requiring a surface mounted only apparatus.

U.S. Pat. No. 6,290,182, issued Sep. 18, 2001, to Grunditz,
discloses a joint in a space vehicle to hold together a first part
of the vehicle and a second part of the vehicle that can be
separated from the first part, in which the joint includes a first
flange member attached to the first part of the vehicle and a
second flange member attached to the second part of the
vehicle. A number of clamps equipped with two clamping lips
are distributed around the perimeter of the flange members
that transfer radial force from a tensioning means, arranged
around the clamps, to both of the flange members in order to
press these together, whereby rolling members are arranged
between at least one of the clamping lips of the respective
clamps and the adjacent first or second flange member.

U.S. Pat. No. 6,418,811, issued Jul. 16, 2002, to Rosheim,
discloses a controlled relative motion system comprising a
base support, a manipulable support, a group of link end
constrainers each having a first portion movably connected to
a second portion thereof so that ends of the first and second
portions can be selectively separated from one another in a
selected direction so as to have a selected distance therebe-
tween, and two groups of pivoting links. With at least four link
end constrainers in the group thereof, the first group of piv-
oting links has corresponding links each rotatably coupled to
force imparting means or to the base support so as to be
rotatable about a corresponding base link axis where each of
said base link axes extend into regions between adjacent ones
of said first group of pivoting links into which regions said
base link axes of said adjacent ones also extend, and each
coupled to a first portion end of a corresponding one of the
group of link end constrainers. The second group of pivoting
links each rotatably coupled to the manipulable support and a
corresponding one of the group of link end constrainers sec-
ond end. Four or more or less numbers of link end con strain-
ers in the group thereof are useable in the form of straps or
interconnected “eye” bolts with corresponding number of
pivoting links in the two groups.

U.S. Pat. No. 6,494,407, issued Dec. 17, 2002, to Arulf,
discloses a joint on a spacecraft for holding together a first
craft part and a second craft part, detachable from the first
craft part. The joint comprises a first flange fixed on the first
craft part, and a second flange fixed on the second craft part,
and a number of clamps having a first and a second clamp lip,
the said clamps being distributed about the periphery of the
flanges. The clamps transfer radial forces from a tightening
device, fitted to the clamps, so as to fasten the two flanges
together. The first flange is clamped between a first clamp
surface on the first clamp lip, and a separation surface on the
second flange. These surfaces form an acute angle the apex of
which is directed in towards the spacecraft.

U.S. Pat. No. 6,612,101, issued Sep. 2, 2003, to Dillon,
discloses a method for articulating an articulated vehicle from
a rest position, the vehicle being composed of a forward unit
and a tracked rearward unit having a pair of powered tracks.
The forward and rearward units are connected by a joint and
an articulation cylinder. The method powers up only one
track, while simultaneously actuating the articulation cylin-
der.

U.S. Pat. No. 6,658,962, issued Dec. 9, 2003, to Rosheim,
discloses a controlled relative motion system having first and
second support structures with a controlled output position
joint connecting them, and with similar joints on these sup-
port structures. One joint is coupled to another controlled
relative motion system having an output carrier rotatable in
two perpendicular directions through the use of gears therein.
This output carrier supports two articulated manipulating
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systems of which one has a single axis rotatable subbase
supporting a rotatable gripping extension, and the other has a
shackle connected to a base effector which shackle is sup-
ported on a fixed pedestal and another shackle connected to a
base effector which shackle is supported on a moveable ped-
estal.

The above cited references do not disclose a low-profile
surface mountable two-axis joint capable of supporting high
side loads and operating with little friction. In related art, a
two-axis joint generally consists of two pairs of ball bearings
in an orthogonal configuration. Each pair of bearings require
a spatial separation distance to provide moment reaction
capability. However, two orthogonal ball-bearing sets require
significant volume. When reduction of bending moment due
to external loads is desired, the joint generally needs to pen-
etrate the mounting surface of the applicable structure or
platform to lower the point of application of applied forces.
The problem is that, as a result of previous statement, the joint
is partially embedded in the applicable structure or platform.
Those skilled in the art have long sought and will appreciate
the present invention that addresses these and other problems.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
improved two-axis joint.

Yet another objective of the present invention is to provide
a two-axis joint which has a low profile and/or which may be
surface mounted onto a desired platform.

An advantage of the present invention is that the two-axis
joint can be designed to handle greater moments applied to
the side of the joint without increasing the height of the
already low profile of the apparatus.

Any listed objects, features, and advantages are not
intended to limit the invention or claims in any conceivable
manner but are intended merely to be informative of some of
the objects, features, and advantages of the present invention.
In fact, these and yet other objects, features, and advantages
of'the present invention will become apparent from the draw-
ings, the descriptions given herein, and the appended claims.

Accordingly, the present invention provides a two-axis
connection assembly for interconnecting with one or more
moveable members so as to constrain movement of a respec-
tive one of the one or more moveable members within a first
axis of rotational movement and a second axis of rotational
movement. The connection assembly may comprise one or
more elements such as, for instance, a housing defining an
opening therein. In this example, a disk such as a planar
member positioned within the housing, and a receptacle
affixed to the planar member. The receptacle may be posi-
tioned adjacent to or within the opening in the housing such
that the receptacle is accessible from outside the housing for
the interconnection with one of the moveable members. The
receptacle defines the first axis of rotational movement for
one of the moveable members. The two-axis connection
assembly may further comprise a shaft in proximate spatial
relationship with the receptacle wherein the first axis of rota-
tional movement projects through the shaft.

Other elements may comprise a rotational mounting for the
planar member and the receptacle such that the planar mem-
ber and the receptacle are rotatable with respect to the hous-
ing. This provides the second axis of rotational movement for
the moveable members. The first axis of rotation may be
transverse, orthogonal, or at right angles with respect to the
second axis of rotation. The rotational mounting may be
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secured with respect to the housing such that at least a portion
of'a force applied to a side of the receptacle is transmitted to
the housing.

In one possible embodiment, the two-axis connection
assembly may further comprise a plurality of planar members
within the housing, and a plurality of receptacles carried by
the plurality of planar members, and a plurality of rotational
mountings to permit the plurality of planar members and the
plurality of receptacles to rotate with respect to the housing.
The plurality of receptacles is then connectable to a plurality
of moveable members via a means for connection. Moreover,
the housing may define a plurality of corresponding openings
for the plurality of receptacles. Accordingly, it will be appre-
ciated that the present invention may utilize multiple two-axis
connections within a single housing, e.g., two, four, six, or
any other number of two-axis connections as desired.

The two-axis connection assembly may further comprise a
rotational mounting which may comprise a hub for rotatably
supporting the receptacle and the planar member for rotation
around the hub. The second axis of rotational movement may
project through the hub. The hub may be positioned in proxi-
mate spatial relationship with the base the receptacle, and
planar member. In one embodiment, the hub is formed on an
inner surface of the base.

In one possible embodiment, the rotational mounting may
be further comprised of an upper bearing for supporting an
upper surface of the planar member and a lower bearing for
supporting a lower surface of the planar member. Addition-
ally, the rotational mounting may further comprise one or
more shims sized to adjust an amount of a preloaded force that
is applied to the upper bearing and the lower bearing. The
upper bearing may comprise an antifriction bearing and the
lower bearing may also comprise an antifriction bearing.

The present invention also comprises a method for making
a two-axis joint for interconnecting a platform with one or
more moveable members so as to constrain movement of a
respective one of the one or more moveable members within
a first axis of rotational movement and a second axis of
rotational movement. The method may comprise one or more
steps such as such as, for example determining an anticipated
moment to be applied to a receptacle wherein the hinge con-
nector defines the first axis of rotational movement for the
respective one of the one or more moveable members. The
method may further comprise determining a size of a planar
member necessary to support forces related to the moment
when the receptacle is secured to the planar member. In one
embodiment, the planar member is substantially parallel to
the platform and is mounted so as to transfer the forces to the
platform. Other steps may comprise rotationally mounting
the planar member on bearings for transferring the force to the
platform through the bearings while permitting rotation of the
planar member and the receptacle. The rotational mounting
may define the second axis of rotational movement for the
respective one of the one or more moveable members. In one
embodiment, the first axis of rotation may be transverse, at
right angles, or orthogonal with respect to the second axis of
rotation.

The method may further comprise providing a housing
defining an opening therein so the receptacle is positioned
adjacent to or within the opening in the housing such that the
receptacle is accessible from outside the housing for the inter-
connection with a moveable member, e.g. a strut, rod, actua-
tor, or the like. The method may further comprise rotatably
mounting a plurality of planar members within the housing
for carrying a plurality of receptacles and providing the hous-
ing with a plurality of corresponding openings for the plural-
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ity of receptacles. In this embodiment, multiple two-axis
joints may be provided for connecting to multiple struts, rods,
actuators, or the like.

In an embodiment a low profile is provided for the two-axis
joint by providing that a height of the housing with respect to
the platform is less than one-half of a width of the housing. In
another preferred embodiment, a surface mount is provided
for mounting the two-axis joint to a platform by providing
that the two-axis joint is mounted to the platform without
making a hole in the platform for receiving an element rotat-
able with rotation of the planar member.

Other steps may comprise providing a hub for rotatably
supporting the receptacle and the planar member for rotation
around the hub. The second axis of rotational movement for
the respective one of the one or more members may project
through the hub. The method may further comprise providing
a base for the housing, and positioning the hub between the
base and the receptacle and planar member. The method may
further comprise forming the hub on an inner surface of the
base.

In one embodiment, the method may comprise providing
an upper bearing for supporting an upper surface of the planar
member and providing a lower bearing for supporting a lower
surface of the planar member and/or may comprise providing
one or more shims sized to adjust an amount of a preloaded
force that is applied to the upper bearing and the lower bear-
ing.

While the present invention will be described in connection
with presently preferred embodiments, it will be understood
that it is not intended to limit the invention to those embodi-
ments. On the contrary, it is intended to cover all alternatives,
modifications, and equivalents included within the spirit of
the invention and as defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention and many
of'the attendant advantages thereto will be readily appreciated
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings, wherein like reference
numerals refer to like parts and wherein.

FIG. 1 is an is an isometric view of a fully assembled dual
two-axis joint assembly in accord with one possible embodi-
ment of the present invention;

FIG. 2 is an isometric view of a plurality of two-axis joint
assemblies in an application wherein each of the plurality of
two-axis joint assemblies is connected to two actuators; and

FIG. 3 is an exploded isometric view of the components of
a dual two-axis joint assembly in accord with one possible
embodiment of the present invention.

BRIEF DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring now to the drawings and more particularly to
FIGS. 1-3, there is shown an embodiment of a dual two-axis
joint assembly 10 in accord with the present invention. The
mechanical arrangement of dual two-axis joint assembly 10
provides a small, compact physical profile, e.g., height 12
which is the height of the entire joint is small as compared to
the length and width 13 thereof. As used in herein, the words
“length” and “width” are equivalent in meaning.

In the present example shown in FIGS. 1-3, housing height
12 is less than one-third of the housing width 13 or housing
length but may be much smaller. Due to the presence of
multiple two-axis joints 10 within housing 16 aligned along
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the length of the housing, as per the embodiment of FIGS.
1-3, height 12 is much less than the length 13 of housing 16.
In an embodiment, the present invention permits for the low
profile of housing 16 by eliminating the need for a long shaft
to support side loads as in related art two-axis joint designs.
Accordingly, two-axis joint assembly 10 may be used in tight
spaces where a high-load capability is required. As well, two
axis joint assembly 10 may be used in applications where
penetrating the mounting surface is not an option such as in
applications where surface-mounting is required. Two-axis
joint assembly 10 can be used in a wide variety of mecha-
nisms and mechanical systems. It is effective where precise,
smooth, continuous motion is desired.

As one possible use, two-axis joint 10 or embodiments
thereof in accord with the present invention may find use in a
spacecraft docking system capture mechanism. For example,
such a joint can be used at the end of a linear actuator that is
required to extend and rotate simultaneously as described in
U.S. Pat. No. 6,354,540 B1 which provides details of a space-
craft docking system. The spacecraft docking system uses
linear actuators to provide motion between its driven compo-
nent and its support base but is required to be significantly
compact when fully retracted. To support the mechanical
system’s range of motion, two-axis joint 10 of the present
invention pivots with minimal friction to maximize the
responsiveness of the system. In some configurations, the
mechanical system will be subjected to high applied loads
that create high moments in the two-axis joints. In this
embodiment, the first axis of rotation and the second axis of
rotation are at least transverse or cross-wise with respect to
each other but may typically be orthogonal with respect to
each other.

A non-limiting list of other possible applications may
include industrial robotic or assembly line apparatuses, posi-
tioning systems, complex multi-axis manipulators for various
motion purposes for motion based simulators, automobile
steering, transmission systems, aircraft control surface link-
ages, and the like.

Housing base 26 may be welded, bolted, or otherwise
mounted onto the desired platform, such as platform 50
shown in FIG. 2. In an embodiment, the platform 50 is com-
prised of a lower ring of a spacecraft docking assembly.
Alternatively, the desired platform may itself define a suitable
housing base 26 so that housing base 26 is not necessarily
utilized. When utilized, housing base 26 supports high
moments by distributing the forces over the extent of the area
of housing base 26 as discussed in more detail hereinbelow.
Variations of low-profile mounting schemes may be utilized
in place of or in conjunction with housing base 26.

Housing 16 provides ample internal spacing for upper
bearing assembly 18, lower bearing assembly 20 and their
bearing washers 46 that may be used to mount receptacle 22
(e.g., aclevis) for very low rotational friction. In the embodi-
ment of FIGS. 1-3, duplicate or dual sets of two-axis joint
assembly 10 are built into one housing, i.e., with duplicate
sets of upper and lower bearings 18, 20 and receptacle 22
connections and other associated duplicate components.
Because the additional components are duplicates, only one
of each is discussed. Furthermore, it will be understood while
FIGS. 1-3 show duplicate sets of two-axis joints built in one
housing, two-axis joint 10 assembly may comprise only one
two-axis joint 10 or, if desired, may comprise more than two
two-axis joints, e.g., four or six two-axis joints within a single
housing. It will be understood that if more than two sets of
two-axis joint 10 are built into housing 16 that the housing
will be suitably modified for proper distributions of forces
applied to the joints. Housing 16 acts to distribute forces
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applied thereto onto housing base 26 so that the arrangement
of two-axis joints 10 for use with more than two joints in one
housing will take into consideration how these forces may
best be distributed.

Mounting screws 47 or other fasteners may be utilized to
secure housing 16 to housing base 26. Mounting screws 47
may also secure housing 16 housing base 26, or both to
platform 50. It will be understood that two-axis joint 10 may
be entirely surface mounted or may utilize only relatively
short holes formed therein for mounting purposes. As well,
other fasteners such as studs and nuts may be utilized, e.g.,
mounting support or platform 50 may comprise studs aligned
with the holes in housing 16 and housing base 26.

Instead of being mounted on a shaft as in related art
designs, a receptacle 22 such as a clevis, yoke or shackle is
preferably mounted on flange or disk or planar member 24
which in turn is supported by upper and lower bearings 18 and
20. Flange or disk or planar member 24 may be any suitable,
preferably planar member. It will be appreciated that in the
present embodiment, the side forces or moments applied to
two-axis joint 10 are applied to housing 16 and housing base
26 through upper bearing 18 and lower bearing 20 whereupon
the forces may be further distributed to associated platform 50
by housing base 26. Thus, the need for a shaft to support such
forces is eliminated. In this embodiment, upper and lower
antifriction bearings 18 and 20 comprise thrust needle bear-
ings disposed within upper and lower races as shown in FIG.
3. In this example, the upper and lower bearings are generally
ring shaped. Conventionally, a thrust needle bearing is used
for thrust loads, as the name implies. Thrust loads are defined
as forces in the axial direction of the bearing. Thrust needle
bearings are preferred because of the thin and flat physical
shape of the needle bearings. Due to the thin and flat shape of
the needle bearings, the spatial volume required for the hous-
ing collapses into a thin disc while a high moment capability
is still maintained. The collapsing of the housing allows the
bending moment from external loads to be reduced. Further,
the location of the thrust needle bearings in conjunction to the
arrangement of the bushings 29 allow the connection assem-
bly to accommodate loads in the non-axial direction of the
thrust needle bearing (e.g., side loads in the radial direction).
This result is only possible with the unique bearing/bushing
arrangement of the connection assembly where side loads are
internally transformed into thrust loads. In other words, the
resultant synergistic function of the thrust needle bearings,
based on the unique arrangement of the connection assembly,
is to accommodate side loads. In direct comparison, thrust
needle bearings are designed to accommodate axial loads in
related art devices. It is noted that during the development
process, an unpredictable result transpired which resulted in a
unique and synergistic function of the device. Specifically,
the entire connection assembly permits surface mounting to
the applicable structure or platform with absolutely no pen-
etration. Surface mounting with no penetration is a result of
the replacement of concentric ball bearings (in related art
devices) by thrust needle bearings. Surface mounting capa-
bility is useful and beneficial because it provides an indepen-
dency between the connection assembly and the applicable
structure or platform it is mounted to. This independency
de-couples design issues and simplifies the interface between
two structures. If desired, upper and lower bearings 18 and 20,
and receptacle 22, may be preloaded utilizing adjustment
shims 44.

In this embodiment, base 26 comprises hub 28 which is
round and which engages a corresponding socket in the bot-
tom of receptacle 22. Hub 28 centralizes receptacle 22 within
opening 30 in the top of housing 16. Hub 26 prevents side
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movement of receptacle 22. Hub 28 could be formed on
receptacle 22 with a socket in base 26 or could be a separate
component which fits into corresponding sockets in base 26
and receptacle 22. Bushing 29 may be utilized with hub 28.
Alternatively, hub 28 may utilize antifriction or friction bear-
ings to support lateral loads applied thereto. Alternatively to
receptacle 22, sockets formed on housing base 26, on an
internal surface of housing 16, or both may be utilized and
sized larger than planar member 24 for receipt of planar
member 24. In this case, the sockets may also comprise suit-
able bearings and so forth.

Receptacle 22 may comprise yoke or shackle portion 32
which is utilized to secure a rod or shaft such as shaft 36 as
shown in FIG. 3. As illustrated in FIG. 1, yoke or shackle
portion 32 may define openings for flanged bushing 38, shaft
bushing 40 and other suitable components and fasteners to
secure, in this case, the end of shaft 36 in position while
allowing angular movement.

In summary, two-axis joint 10 is designed with a surface
mount capability with a very flat profile. Two-axis joint 10
utilizes thrust needle bearings to provide smooth rotational
motion suitably arranged in such a manner as to help react to
the high moments expected and to accommodate loads in the
non-axial direction of the thrust needle bearings. In the
example shown in FIG. 2, two-axis joint assembly 10 at the
shaft 36 may be used to connect an electro-mechanical actua-
tor, such as electro-mechanical actuator 34 to its driven struc-
tural members.

It will be understood that a single two-axis joint assembly
10 in accord with a possible embodiment of the invention may
comprise one housing base 26, one receptacle 22, one cap or
housing 16, two thrust needle bearings 18, 20 and their bear-
ing washers 46, and circular shim 44. Base 26 and housing 16
are connected to a grounding structure via fasteners 46 which
preferably utilizes a bolt pattern designed therefore. Captive
within housing 16 and housing base 26, are rotating recep-
tacle 22 and upper and lower thrust needle bearings 18 and 20.
Receptacle 22 may be attached to mechanical system (linear
actuator) 34 or other desired member via a pin or shaft 36. Pin
or shaft 36 and the rotational movement of receptacle 22
around hub 28 with respect to housing 16 provide two rota-
tional degrees of freedom. In this example a first axis of
rotation extends through shaft 36 and a second axis of rotation
extends through hub 28.

The large diameter flange or planar member 24 of the
receptacle 22 is sandwiched between the pair of thrust needle
bearings, one on each side of the flange. During assembly of
two-axis joint 10, circular shims 44 are used to adjust the
amount of preload that is applied to upper and lower thrust
needle bearings 18 and 20. The above arrangement enables
the joint to handle high moments with minimal friction. To
achieve the high moment capability within a low profile joint,
the use of “depth of engagement” (like that in a conventional
rotating shaft) to react moment is replaced with planar bear-
ing engagement parallel to the mounting surface. Thrust
needle bearings 18 and 20 and planar member 24 provide the
surface area to react to the receptacle loads/moments into the
housing base 26 and housing 16 while providing minimal
friction during rotation.

The diameter of planar member 24 and thrust needle bear-
ings 18 and 20 can be increased to react to higher loads and
still maintain a compact surface mounting capability. Low
profile two-axis joint 10 requires no deep penetrations into the
support platform 50 and minimal part thickness. Not only
does two-axis joint 10 require less space, it can also be used in
applications where existing structures allow no penetrations.
Furthermore, two-axis joint 10 possesses the flexibility that
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allows the diameter of the thrust needle bearings to increase to
accommodate larger loads without going deeper into the
existing structure.

While the preferred embodiment methods are disclosed in
accord with the law requiring disclosure of the presently
preferred embodiment of the invention, it will be readily
understood after review of the specification that combinations
of'the apparatus and methods disclosed may also be used. The
optimum system depends on the application. Therefore, the
foregoing disclosure and description of the invention are
illustrative and explanatory thereof and various changes in the
method steps and also the details of the apparatus may be
made within the scope of the appended claims without depart-
ing from the spirit of the invention.

What is claimed is:

1. A two-axis connection assembly for interconnecting a
platform with two or more moveable members, said connec-
tion assembly comprising:

a housing comprised of two or more openings therein;

two or more disks positioned within said housing;

two or more receptacles wherein each of said two or more

receptacles is in proximate spatial relationship to a first
corresponding one of said two or more disks, wherein
said each of said two or more receptacles is positioned
within a second corresponding one of said two or more
openings such that said each of said two or more recep-
tacles capable of interconnecting with a third corre-
sponding one of two or more moveable members to
provide a plurality of first axes of rotational movement,
wherein said two or more receptacles are aligned along
the length of said housing and positioned in the same
vertical direction with respect to each other;

two or more upper thrust needle bearings wherein each of

said two or more upper thrust needle bearings supports
to a fourth corresponding one of said two or more disks’
upper surfaces;

two or more lower thrust needle bearings wherein each of

said two or more lower thrust needle bearings supports a
fifth corresponding one of said two or more disks’ lower
surfaces;

a base affixed to said housing, wherein said base comprises

two or more hubs, wherein each of said two or more hubs
rotatably supports a sixth corresponding one of said two

15

20

25

40

10

or more receptacles, wherein said two or more hubs are
formed along the inner surface of said base and project
vertically along a third axis perpendicular to the length
of said base; and

two or more bushings, wherein each of said two or more

bushings is in proximate spatial relationship with a sev-
enth corresponding one of said two or more hubs and a
eighth corresponding one of said two or more lower
thrust needle bearings, and
wherein said each of said two or more receptacles in combi-
nation with said first corresponding one of said two or more
disks is capable of rotation within said housing to provide a
second axis of rotational movement for third corresponding
one of the two or more moveable members,
wherein said second axis of rotational movement projects
through said two or more hubs; and
wherein said two or more upper thrust needle bearings and
said two or more bushings in combination are capable of
accommodating loads outside of said second axis of rota-
tional movement.

2. The two-axis connection assembly of claim 1, further
comprising two or more shims, wherein each of said two or
more shims is in proximate spatial relationship to a ninth
corresponding one of said two or more lower thrust needle
bearings, wherein said each of said two or more shims is sized
to adjust an amount of a preloaded force that is applied to said
ninth corresponding one of said two or more lower thrust
needle bearings.

3. The two-axis connection assembly of claim 1, further
comprising two or more shafts, wherein each of said two or
more shafts is in proximate spatial relationship with a tenth
corresponding one of said two or more receptacles, and
wherein each of said plurality of first axes of rotational move-
ment projects through an eleventh corresponding one of said
two or more shafts.

4. The two-axis connection assembly of claim 1, wherein
each of said plurality of first axes of rotational movement is
orthogonal with respect to said second axis of rotational
movement.

5. The two-axis connection assembly of claim 1, wherein
the height of said housing is less than one-third of the width of
said housing.
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